This annotated bibliography has been prepared as part of a study sponsored by the U.S. Department of Energy's Office of Basic Energy Sciences to assist in understanding the key elements in research environments that contribute to the ability of staff to accomplish excellent research. There is increasing concern that better methods are needed for assessing the health and effectiveness of research organizations during the process of doing research, not just the tangible outcomes of that research, such as cited publications and innovative products. There are also many managers of research and technology development (R&D) organizations who wish to improve even the best environment, and would like to know and report best practices, successes, and problems. This bibliography includes selected literature on the management and evaluation of R&D organizations. The books and articles briefly summarized have different scopes and foci, but this review concentrates on the authors' discussion of attributes in the research environment that foster excellence, be that creativity, innovation, new product development or something else. The review concentrates on more recent writings, primarily the 1990s, with few exceptions. Where a book or article has an extensive bibliography that is indicated. This annotated bibliography has been prepared as part of a study sponsored by the U.S. Department of Energy's (DOE) Office of Basic Energy Sciences to assist them in further understanding the key elements in research environments that contribute to the ability of staff to accomplish excellent research. From this understanding, assessment instruments, including an employee survey, will be developed and existing assessment methods, such as program and peer review, may be modified to better evaluate and improve these research environments.
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J. W. Altschuld and H. Y. Zheng, "Assessing the Effectiveness of Research Organizations: An
Examination of Multiple Approaches," Evaluation Review, vol. 19, 1995, pp. 197-216. This review identifies key issues in evaluating effectiveness and provides insights on the application of major assessment approaches. It discusses the best methods for dealing with education and social science research organizations whose outputs are not tangible products but instead intellectual works. The approaches to assessing effectiveness that are examined include
• The goal-attainment approach-an organization is effective to the extent that it accomplishes its stated goals or missions. This approach includes the assumptions that specific goals are agreed upon and understood, goals are few in number, progress toward the goals is measurable, and the organization knows how to reach the goals and has the resources to do so. It is more appropriate in private organizations than in education or social science because goals must be clear and measurable and not vague.
• The strategic constituency/stakeholder approach-an organization needs to satisfy its stakeholders' demands for effectiveness. It is most appropriate in organizations where indicators such as cost-benefit ratios are not easily defined. The drawback is if stakeholders are not objective observers.
• The systems approach-an organization's effectiveness is based on its ability to acquire the resources it needs for survival and growth. New ideas and discoveries may not have a directly observable impact and research may not produce significant outcomes even after a long period of funding.
• The competing values framework-there cannot be a single, universally accepted model of organizational effectiveness therefore the framework integrates different approaches into a single perspective and provides guidance for recognizing value biases.
The authors state that using these approaches as well as understanding organizational focus, structure, and outcomes will aid in the choice of effectiveness criteria and evaluation strategies.
Auditor General of Canada, "Attributes of Well-Managed Research Organizations," 1999 Report of the Auditor General of Canada, chapter 23, 1999.
The Canadian Federal Government and the Auditor General of Canada have produced, over the last 10 years, a number of reports assessing the management and activities of Canadian science and technology organizations. This document draws on the information in these audits and reports as well as visits to several U.S. and Canadian R&D organizations in order to create a list of attributes that can be used to identify how well a research organization is being managed. The objectives of this study were to
• Inform the Canadian parliament about attributes of well-managed research organizations that can be used to assess the management of research activities in federal departments and agencies; and • To provide guidance to federal research managers on ideal outcomes of good management, together with examples of practices followed by respected research organizations outside the federal system, to achieve the performance ideals described by the attributes.
The study team identified four key perspectives on organizational success. The ten attributes of well-managed organizations are divided between these four perspectives.
People Focus
• Management knows what research and other talent it needs to accomplish the mission and recruits, develops, and retains the right mix of people.
• Employees are passionate about their work, have confidence in management, and are proud of their organization.
Leadership
• The current and anticipated needs of dependent constituencies drive the organization and its research programs.
• Employees and dependent constituencies share management's vision, values, and goals.
• The portfolio of programs represents the right research, at the right time, and at the right investment.
Research Management
• Research projects embody excellent science, involve the right people, are on track, and within budget.
• Research projects leverage external resources.
• Organizational knowledge is systematically captured and turned into needed work tools.
Organizational Performance • The organization is widely known and respected.
• The organization meets the needs of its dependent constituencies.
W. Bennis and P. W. Biederman, Organizing Genius: The Secrets of Creative Collaboration (Reading, MA: Addison-Wesley, 1997 ).
This book is part history, part how-to-manual, and part meditation on why a few groups rise to greatness while most flounder. The authors analyze six case studies of extraordinary achievements and tease out the crucial ingredients of groups that have been notably creative. By analyzing the histories of six Great Groups -from the Manhattan Project to the teams that developed today's personal computer -the authors uncover the secrets of collective genius. All Great Groups, they conclude, aim to do more than fix a problem; they're out to change the world.
Organizing Genius describes the free-form organization of such teams more interested in their mission than their hierarchy and discusses how Great Groups believe both that they're underdogs up against a powerful foe and that they're bound to succeed. It also illuminates the roles of a Great Group leader as a gatherer of talent, a source of inspiration, and a bridge to the outside world. Each Great Group had important lessons to contribute, some positive, some cautionary. The top fifteen lessons learned from Great Groups are that • Greatness starts with superb people,
• Great Groups and great leaders create each other, • Every Great Group has a strong leader,
• The leaders of Great Groups love talent and know where to find it, • Great Groups are full of talented people who can work together,
• Great Groups think they are on a mission from God, • Every Great Group is an island -but an island with a bridge to the mainland, • Great Groups see themselves as winning underdogs, • Great Groups always have an enemy, • People in Great Groups have blinders on, • Great Groups are optimistic, not realistic, • In Great Groups the right person has the right job,
• The leaders of Great Groups give them what they need and free them from the rest, • Great Groups shift, and • Great work is its own reward.
C. J. Bland and M. T. Ruffin, "Characteristics of a Productive Research Environment," Academic Medicine, vol. 67, no. 6, 1992, pp. 385-397. This source explored studies from 1960 to 1990 and found a set of characteristics which in the authors' assessment were consistently related to research productivity. Review, vol. 20, 1995, pp. 343-378. Brown and Eisenhardt state that innovation literature is growing into a diverse and fragmented body that includes an organization-oriented tradition of product development and an economics-oriented tradition of innovation development. The authors concentrate on the factors necessary for successful product development including effective product production, product marketing, and generation of financial gain. They organized the product development literature into three streams of research and created a model of factors that affect product development.
For their model, the authors identified factors that influence the success of the product development process. This model includes what the authors believe to be all the links between process performance, product effectiveness, and financial success. Many of the aspects of their model overlap with what is necessary for organizational effectiveness but they point out that product development requires different strategies than generation of innovation.
J.-T. Chiang, "Government Funding Strategy in Technology Programs, " Technological Forecasting and Social Change, vol. 39, 1991, pp. 391-395. Industrial R&D in a market economy is mainly implemented in the private sector, therefore public funding is a very important tool of government to guide private R&D activities. This paper investigates the experience of funding national programs in a number of industrialized countries and reaches some preliminary conclusions:
• To reduce opportunistic behavior and ingrain intrinsic incentive in firms, both competition and cost-sharing principles should be used concurrently in underwriting firms' R&D projects.
• Competition principles can be applied across many candidate projects around the same time or a series of one-of-a-kind projects over a longer time horizon.
• The major threat to application of competition principles is that there is not "real competition" due to few qualified candidates in specific technological fields or in some, especially small, countries.
• In practice, the appropriate cost-sharing level is difficult to determine. Fifty-fifty is used as a rule of thumb in many countries to simplify the decision making and circumvent "bounded rationality." • Full cost endorsement may be another "quantum" alternative for projects urged by government but not felt to be very relevant by firms.
V. Chiesa, P. Coughlan, and C.A. Voss, "Development of a Technical Innovation Audit," Journal of Product Innovation Management, vol. 13, 1996, pp. 105-136. In this article, Chiesa, Coughlan, and Voss present a framework to help organizations evaluate their innovative performance as well as identify ways to improve performance. The authors believe that it is necessary to focus not on indicators of input and output but on an explanation of how and why organizations arrive at their particular level of innovative performance. Their audit model measures performance in seven areas of innovation and allows organizations not only to identify their strengths and weaknesses but also to determine methods to improve innovation processes and capacity.
The framework that the authors developed for evaluating an organization's innovation processes includes five dimensions of performance:
• Resource availability and allocation,
• Understanding competitor's innovative strategies and industry evolution, • Understanding the technological environment, • Structural and cultural context, and • Strategic management to deal with entrepreneurial behavior.
The first step the authors took was to create a model that can be used to improve innovative performance and enhance competitiveness. The model included seven processes that lead to innovation and competitive advantage. Central to the model are the interacting core processes of concept generation, product development, product innovation, and technology acquisition. These core processes are fed by enabling processes that include leadership, resources, and systems and tools.
The next step used the model to develop a comprehensive audit method that • Assessed current practices and performance,
• Identified gaps between current and target performance, and
• Developed an action plan to close gaps.
The comprehensive audit method they developed includes a process and a performance audit that evaluates all the components and impacts of innovation. Their process audit focuses on the individual core and enabling processes by identifying if the organization has the appropriate processes in place and if the processes are being used effectively to enhance innovation. The authors developed a scorecard by reviewing the literature to isolate characteristics of each core and enabling process that indicated innovative success or failure. The scorecard shows an organization its strengths and weaknesses and the gap between actual performance and best practice.
For the performance audit, the authors developed a menu of metrics and indicators for each core and enabling process. These metrics and indicators allow the authors to measure the impact of the organization's overall performance and measure its performance in individual processes on its competitive capacity.
Through beta testing and case studies, the authors found that their innovation was functional, usable, and useful for • Identifying both core and enabling processes relevant to innovation, • Developing performance measures for each process of innovation,
• Allowing organizations to audit their innovation capability through measuring their overall innovation performance and the performance of each innovation process, and benchmarking their process against world-class practices, and • Providing qualitative and quantitative measurement of the innovative process. Knowledge-based innovation has three requirements: careful analysis of all the necessary factors, clear focus on strategic position, and the ability to learn and to practice entrepreneurial management. Innovation inherently involves risks, yet integrating new knowledge as the source of innovation, and accepting the unexpected incongruities the process generates, can substantially reduce the risks. In these areas, receptivity has either already been established or can be tested fairly easily and with good reliability. Also in these areas the knowledge or knowledges that have to be produced to complete an innovation can usually be defined with considerable precision.
The principles of innovation, representing the hard core of the discipline are captured in a number of "do's"-things that have to be done. The "do's" include an analysis of the opportunities, being conceptual and perceptual, simple and focused, starting small, and aiming at leadership.
L. Ellis, Evaluation of R&D Processes: Effectiveness Through Measurements (Boston, MA: Artech House, 1997).
This book discusses linking certain R&D management practices to desired effects, outputs, and outcomes. It is intended to help managers select quantitative measurements to guide their actions rather than continuing to operate with only subjective indications of effectiveness.
Part I: General Aspects of R&D Process Evaluation • There is some association between the perceived importance of metrics, satisfaction with their performance, and effectiveness, but it is not universally complete. Finding measures of effectiveness is a continuing, high-rated effort by innovation managers.
• The R&D manager must span the financial boundary and manage within the firm's financial culture.
• Boundary spanning by managers covers commercial and technological external areas.
Evaluation of the commercial boundary as an outcome is measured by market share.
• The key task for managers is to manage the innovation process using evaluation metrics for the transition stages from idea to concept to delivery to the customer.
• The use of concurrent engineering involving crossfunctional teams from marketing through delivery to the customer seems to be the appropriate way to manage the innovation process.
Part II: Time to Market: Measurement and Management • Timeliness of the innovation process needs to be addressed in terms specific enough for the R&D manager to make operating decisions.
• After times have been recorded, they should be further diagnosed and managed by reducing time, consolidating time, and measuring contribution.
Part III: R&D Process Evaluation Measurements
• Combinations of several metrics are needed for higher levels of outcomes. Two leading indicators of outcomes and outputs were determined to be interactions with other organizational units and input metrics.
• Internal R&D processes are actions taken within the principal organizational unit most responsible for innovation. A 1992 study ranked internal processes by importance and determined that they could be grouped under three headings: motivation of R&D staff, quality and performance, and planning and management. The most important evaluation measurements of internal processes were determined to be to measure the rewards in use, the degree of flatness of the internal organization, and the commitment of top and R&D management.
Part IV: External Evaluation of R&D From the 1993, 1994, and 1995 studies, the authors formulated a list of best overall innovation precursor metrics for general use. They include measure upstream relations with the customer, measure crossfunctional participation, measure upstream relations with marketing, measure downstream relations with implementation chain departments, and measure management of internal processes and inputs.
A. Endres, Improving R&D Performance the Juran Way (New York, NY: John Wiley & Sons, 1997).
This book demonstrates how to plan, design, implement, and improve quality systems in order to enhance R&D's handling of issues ranging from improving customer satisfaction levels to improving innovative product development. The authors discuss how quality R&D is dependent on establishing cross-functional communication within an organization, building strong relationships between R&D employees and the rest of an organization, and strengthening the customer's role in the design and development process.
The author presents research done at Bell Laboratories. Bell examined the human resources side of quality to determine the impact that structural changes in the company had on employees' personal lives, professional skills, and expertise. Results of a survey Bell conducted to determine the attributes that made them a premier R&D organization showed that conflicts arose between personal goals and corporate goals when cost and scheduling pressures infringed on continuing education and self-development, career mobility and opportunities for advancement, and job security. Bell also determined that R&D organizations must not only align themselves with the needs of customers and business units, they must also maintain effective mechanisms for inter-group or organizational learning-especially on-the-job-learning in groups that contain a critical mass of stimulating co-workers. A study conducted by GE to determine variables that could be used to measure, predict, and control the likelihood of success of proposed or existing research projects also emphasized the need to organize interdisciplinary expertise or cross-functional teams.
Bell determined that in order to improve the creative and innovative process, research efforts must be organized around a series of key competencies that include varied activities intended to spawn new competencies. Research should also be managed centrally and holistically with no reduction in commitment to basic research.
In summary, studies of leading R&D organizations show that organizations can increase the global competitiveness of their innovation efforts by pursuing continuous improvements and periodic process reengineering, inter-group learning and continuous education, and evaluations to measure results. Metrics affect research decisions, research efforts, and the researchers themselves. From a review of the literature, interviews at ten research-intensive organizations, and formal mathematical analysis, the authors conclude that the best metrics depend upon the goals of the research, development and engineering activity as they vary from applied projects to competency-building programs to basic research explorations. A summary of the research findings and implications for research environments include • Basic research explorations:
• Research tourism encourages research spillovers that enhance long-term profitability.
• Match R,D&E's incentives with those of the firm.
• Don't reward people only for internal ideas.
• Programs to match or create core technological competence:
• The choice of research program is critical.
• Market-based outcome metrics should be used but given a small relative weight when choosing research programs.
• However, after the program is chosen, R,D&E must encourage the right balance of cost metrics with scientific, engineering, and process effort metrics. • Applied projects with or for business unit "customers:"
• Good project decisions balance customer-driven and research-driven foci.
• Subsidies can be used to adjust for short-termism, risk aversion, and narrow scope.
• The value of an R&D project reflects investment contingencies. , vol. 43, 1993, pp. 75-90 . In this article, Herbig and Golden examine which factors are responsible for the rise and fall of innovation hot spots and what is required to develop and maintain these hot spots. Some of the factors that they cite as essential to the growth and development of innovation include • Association with prestigious, independent, technically-oriented educational institutions.
• Access to highways, airports, and good labor sources.
• Culture oriented toward hard-work, risk-taking, and entrepreneurial attitudes.
• Political environments that promote research and business ventures.
• Availability of funds and resources from private and government sources.
These and other factors also contribute to the maintenance of innovation hot spots. Specifically the authors mention that areas must have structural elements such as low cost of living, government support, and economic policies that are conducive to business. Another factor they believe is important to continuing innovation is a constant focus on advancements in the industry that lead to development of new ventures and technology. Innovation also requires facilities, laboratories, transportation, communication networks, government support and funding, and especially the ability to recruit, motivate, and reward human resources. A final requirement the authors include for maintaining and promoting innovation is time, patience, consistency, and persistence.
F. M. Hull, "Inventions from R&D: Organizational Designs for Efficient Research
Performance," Sociology, vol. 2, 1988, pp. 393-415. This paper suggests how industrial organizations can be designed to generate inventive ideas more efficiently. The principal argument is that the output of invention is more proportional to R&D input if organization design is 'organic.' The concept of organic design was first proposed by Burns and Stalker in 1961 as an alternative to 'mechanistic' or bureaucratic design which is often productive but non-adaptive. The authors strive to show that efficient performance is partly a function of the match between organization design and type of work performed.
Mechanistic-bureaucratic systems are best for • Transforming a large quantity of similar qualities per unit of time,
• Stable situations where accurate forecasts can be made,
• Non-complex products, and mass production, and • Large organization size.
Organic systems are best for
• Transforming a small number of qualitatively different qualities per unit time,
• Dynamic contexts where product definition is fluid, • Complex product batches, and • Small organization size.
The reasons that the organic system works include • It allows for integration of innovation and production processes.
• R&D is more often located at the factory site, which facilitates interfunctional integration.
• Barriers are reduced so face-to-face communication is enhanced.
• It allows for adaptation and competition in rapidly changing markets.
The authors suggest there may be more than one best way to organize for innovation:
• For organizations performing non-complex work, organic design rules are unnecessary.
• For organizations performing large-scale, complex work a mixture of organic and mechanistic methods are needed to achieve both innovation and productivity.
• For organizations performing small-scale, complex work organic design is consistently associated with higher yields of inventions from R&D input. This book addresses the question of how scientific research can be most effectively organized in order to best facilitate creativity and discovery in science. In this study, the author worked with 16 Nobel laureates, each completing two interviews and four questionnaires on the subject of organization. Drawing on his background in organizational psychology, the author interprets and explores the results to show how the chances of discovery can be increased, contributing to the quality of future scientific research. He proposes a model of the workings of research organizations and groups to guide experimental research, to test the theory, and to establish the parameters of organization in relation to discovery.
Organizations play a central role in facilitating or inhibiting discovery in science. The contribution to discovery in science of such organizational matters as the selection of scientists, their development and training, scientific leadership, and management and supervision are all explored in this book, along with important questions raised about the relationship between individual scientists and the laboratories in which they work. The author's list of factors in the research environment that are necessary for technical productivity and excellence include • Exceptional scientific talent,
• Well trained and highly developed technicians,
• Well resourced laboratories,
• Advanced computer and library services,
• Good technical and other supports, Drawing on an empirical study of 20 laboratories in the plant breeding and biochemical industries, this paper presents a typology of public research laboratories that is based on three dimensions: scientific production and visibility, type of funding (public or private), and homogeneity of research themes. The authors use three modes of analysis (bibliometric tools to assess scientists' production, financial databases to analyze funding, and interviews to assess laboratories' degree of autonomy in determining research themes) to understand the logic and effects of relationships between public laboratories and industry.
Three types of public laboratories emerge. The first, called "research centres for profession," is composed essentially of laboratories with close ties with small and medium firms and industry associations. The second, called "designers of generic tools and methods," is oriented towards basic research themes of general interest to the industry as a whole. The third type, called "basic and specialised laboratories," strives to develop its academic and scientific visibility. Each type of laboratory has its own mode of justification, type of scientific and technological production, preferred industrial relationship logic, and favorite type of partner.
To obtain resources, researchers in each type of laboratory ally themselves with partners who may provide finances, biological materials, technical devices, industrial credibility, academic recognition, human resources, or justification of research usefulness. Thus, a laboratory's financing, its role in economic life, its relations with firms, and the nature of its scientific production are all related.
The authors identify three categories (logics) of relationships that laboratories have with private partners: proximity, market, and club. Laboratories form proximity relationships in order to supplement the research capacity of smaller partners. The research that is conducted is meant to test specific hypotheses and involves frequent communication.
Market partnerships form when industrial firms select the most competent laboratory to solve a specific scientific problem. The expertise of both parties is required to complete the project. Club partnerships form in order to solve problems of general interest to manufacturing firms and industry associations and they often bring together several competing organizations.
W. Q. Judge, G. E. Fryxell, and R. S. Dooley, "The New Task of R&D Management: Creating Goal-Directed Communities for Innovation," California Management Review, vol. 39, no. 3, 1997, pp. 72-85. This article presents a study that examines two fundamental questions. First, what kind of workplace cultures are conducive to creativity and innovation in an R&D unit? Second, how can managers create and maintain an innovative workplace culture? The study was based on multiple interviews conducted at eight publicly-held biotechnology firms located in the United States. For the firms in this study, the ability of management to create a sense of community in the workplace was the key to innovation. The authors identified four managerial practices that had a major influence on whether there was a goal-directed community atmosphere in the R&D unit:
• Balanced autonomy-a compromise between freedom to determine one's own agenda and the freedom to determine ways of approaching company-set agendas.
• Personalized recognition systems-monetary and nonmonetary rewards.
• Integrated sociotechnical systems-cohesive groups with reasonable goals and deemphasized deadlines.
• Continuity of slack-continuous flow of actual or potential resources that allow for both internal and external changes.
The authors conclude that the four managerial practices interact to generate an organizational sub-culture that can best be described as a "goal-directed community" that is key to the innovation process. The study offers four actionable levers of change for R&D managers to consider:
• The better the balance between the operational autonomy of the researchers with the strategic autonomy of the managers, the more innovative the R&D unit.
• The more emphasis placed on personalized intrinsic rewards, the more innovative the R&D unit.
• The more integrated the sociotechnical system, the more innovative the R&D unit.
• The more continuous the slack resources, the more innovative the R&D unit.
In addition, the study provides a "north star" for management to focus its time and attention: the greater the level of goal-directed community achieved in the R&D unit, the more innovative it is. In this article, the author uses her research, fieldwork, and literature review experience to argue that recognizing the conditions that stimulate innovation first require understanding the factors involved in the innovation development process. In her analysis, Kanter looked at individual researchers, organizational structure, and the social and legal environment.
Kanter indicates that four distinctive characteristics of the innovation process must be taken into account when trying to cultivate new ideas or improve current innovation processes. The innovation process is uncertain, knowledge-intensive, controversial, and it crosses boundaries. With these characteristics in mind, Kanter identified four main tasks that are important to follow the progression of an innovation:
• Idea generation and activation of the drivers of the innovation.
• Coalition building and acquisition of the power necessary to move the idea into reality.
• Idea realization and innovation production, turning the idea into a product, plan, or prototype that can be used.
• Transfer or diffusion, the commercialization of the product, the adoption of the idea.
Kanter links these four tasks to the individual characteristics, organizational structure, and external environments that will successfully generate and nurture a developing innovation.
V. Kumar, A. N. S. Persaud, and U. Kumar, "To Terminate or Not an Ongoing R&D Project: A Managerial Dilemma," IEEE Transactions on Engineering Management, vol. 43, 1996, pp. 273-284. This empirical study attempts to develop a framework to assist managers in deciding whether to abandon an ongoing R&D innovation project at various stages of R&D. Success/failure variables were drawn from the literature and from formal discussions with five R&D managers. Eight variables were identified that could distinguish between the possible success or failure of a proposed innovation in the course of its development:
• Its relevance to the overall corporate goals and strategies or "corporate fit."
• The availability of the science and technology base on which it will depend.
• Its alignment with the interests of other groups in the organization.
• Potential applications of the innovation including uniqueness and superiority of project, size of potential market, product's price range, and responsiveness of the market to price changes.
• The extent to which the firm's resources in terms of physical assets, personnel, and finances are adequate to support the project.
• Development process efficiency is dependent on the relative availability of critical components, among other things.
• Effecting coupling of a project's commercial and technical aspects is critical for a project's success.
• The extent of marketing proficiency can be a critical factor in getting market approval for a project. The top four factors (in order) are caliber of staff, time available for research, departmental 'atmosphere,' and funding.
The conclusions the authors reached include • University assessments are here to stay.
• Peer review must remain central to the assessment of university research performance.
• It is best to use a range of performance indicators.
• All departments do not concentrate on similar objectives so a multidimensional set of profiles is needed to rank departments.
• The results of this study, that performance indicators should be included alongside peer review, are currently valid only for science and engineering departments.
• The appropriate unit of assessing university research may not be the department.
• More consideration needs to be given to the long-term effects of assessment exercises. The book provides the management methods and social and technological skills to achieve total quality. Total quality is achieved when there is an equal interaction between a management system that provided leadership, a social system that empowers people, and a technical system that provides for innovation and creativity. Each system is explored in detail, along with strategies for implementing total quality.
The author discusses a case study involving total quality at Corning's RD&E. In discussing the evolutionary approach, he states that early in the process (1983-85) simple successes won over employees. The total quality approach emphasized better equipment, more efficient procedures, and more concern for executing experiments in a controlled manner. That is, total quality emphasized a certain logic for how to successfully execute an experiment.
The author identifies several key elements of what he calls the change process. First, "total quality principles have given RD&E a dialogue (common language) with their customers." That is, the division no longer operates in isolation but rather addresses customer requirements as a way of doing business. Second, total quality has infused the organization with the desire to do scientific research using best practices. The definition of failure and mistakes has changed over time. Next, by implementing the "Innovation Process scientists and engineers can now use their technical skills faster and better with more cost efficiency." Finally, as a result of using total quality principles, employees continue to maintain a positive attitude and feel good about the suggestions they make. In essence, employees are shaping the bottom line and reshaping their organization for the future. This extensive benchmarking study provides data on the relevance, importance, frequency of use, and quality of execution of 45 best practices for making excellent R&D decisions. Quantitative analysis of the R&D decision-making behavior of 79 leading R&D organizations identified the following ten best practices as essential for R&D strategic excellence:
• Understand the drivers of industry change,
• Coordinate long-range business and R&D plans, The quality movement has found successive applications in manufacturing, marketing and new product engineering. This article focuses on whether quality approaches are applicable to R&D. The author argues that not only is the quality movement applicable to R&D, but it brings a new mindset to the task of effective management. A study of 45 international firms (17 from North America, 14 from Europe, and 14 from Japan) identified 10 practices that were used most often in managing for quality in R&D, and revealed that the penetration of quality practices in R&D is uneven.
Most common practices in managing for quality in R&D:
• Analysis of strategic vectors that R&D must serve, Montana suggests that quality management can be successfully implemented within an R&D environment through a formal planning process, an assessment of education and training needs, an emphasis on continuous improvement, and establishing a relationship between the R&D quality process and the corporate quality process.
The key elements for successful quality management within R&D include the commitment of top management, a challenging vision and supportive corporate culture, an emphasis on teamwork, a mindset that encourages prevention, an accurate definition of customer requirements, and a quantitative approach to problem solving.
The author lists six ways quality can be incorporated into R&D: This report defines the characteristics of a world-class research, development, and engineering (RD&E) organization and the associated metrics, which will then be used to assess the U.S. Army Natick Research, Development, and Engineering Center. The Natick Standing Committee identified 25 characteristics that fall under "five pillars" and are most relevant to an Army RD&E organization:
• Customer focus includes satisfaction, involvement, and market diversification.
• Resources and capabilities include personnel quality, budget, RD&E capabilities, skill and talents, use of external resources, important technologies, organizational climate, information technology, and facilities and infrastructure.
• Strategic vision includes alignment of vision and mission, anticipatory strategic planning, stakeholder buy-in, and leadership.
• Value creation includes proper portfolio, product performance, cycle time and responsiveness, and value of work in progress.
• Quality focus includes capacity for breakthroughs, continuous improvement, commitment to quality, structured processes, learning environment, and quality of research.
Metrics (tables 4-1 through 4-5) with qualitative descriptors for four levels of performance (poor, adequate, good, and excellent) of the 25 characteristics are the preferred means of determining the extent to which an RD&E organization has achieved world-class performance. This concept should be used as an internal focusing mechanism for achieving excellence rather than as an external mechanism for advertising the virtues of an organization.
R. R. Nelson, The Sources of Economic Growth, (Cambridge, MA: Harvard University Press, 1996) .
This book brings together a collection of essays on economic growth, technical advance as the key driving force behind economic growth, and the social institutions that mold technical advance and in turn are modified as an essential part of the economic growth process. The essays present a picture of a strongly path-dependent economic growth process with strong interdependencies among variables, and with technical advance (itself an evolutionary process) being both the principal driver and the key catalyst in calling forth and supporting necessary investments.
The book also discusses the role of science in technical advance, including the role of knowledge in R&D efficiency, the link between science and invention (the case of the transistor), the role of American universities, and technical advance in industry. The last chapter of the book reports findings from an international study on a national innovation system.
Aspects of the research environment mentioned include • The strength of the knowledge base or level of competency in the area of the person's research.
• The ability to decide the direction of one's research, including ability to move off of unpromising, less exciting research.
• Teamwork characterized by mutual stimulation and help, shared interests, ease of communication, differences in viewpoints and experience.
• Levels of uncertainty and learning.
• Is there enough competition to keep at cutting edge?
• Ability to assess customer needs, and links to upstream and downstream markets. This book is one of the first major studies to examine the relationship between scientist's performance and laboratory organization. In 1958, questionnaires were administered to 144 scientist-professors in seven departments of a large midwestern university. The same was done in 1959 for 526 scientists and engineers at five industrial laboratories and in 1960 for 641 research personnel in five government laboratories.
The findings include
• Effective scientists were self-directed by their own ideas, and valued freedom. But at the same time they interacted vigorously with colleagues. • Effective scientists did not limit their activities either to the world of "application" or "pure science" but maintained an interest in both.
• Effective scientists were not fully in agreement with their organization in terms of their interests; what they enjoyed did not always help them advance in the structure.
• Effective scientists tended to be motivated by the same kinds of things as their colleagues. At the same time, they differed from their colleagues in the styles and strategies with which they approached their work.
• In effective older groups, the members interacted vigorously and preferred each other as collaborators, yet they felt free to disagree on technical strategies.
Part II contains four articles that were added to the original text:
• Problem solvers vs. decision makers: Technical performance is a result of repetitive reinforcement between individual resourcefulness and environmental facilitation.
• Creative process and professional security: Organizations seeking innovation may face a 'security dilemma.' Creative activities may erode professional security, yet without security the individual is unlikely to utilize his creative potential. This paper outlines how R&D can foster business-oriented mind-sets that lead to innovative contributions to the corporate mission. Cross-functional Market Segment Teams focus on the business's key market segments and provide the vehicle for the necessary "right interactions" and dialogue within R&D and among the functions that lead to continued innovation.
Four points about business dynamics need to be made: stakeholders need to be satisfied, profitability stems from relative competitive position, maintaining a strong RCP requires generating and delivering new value faster than the competition, and being innovative in generating value faster than the competition requires "seamless," fluid, responsive, internal partnering.
"Right interactions" for R&D are defined as the following set of interactive processes that researchers should engage in • Continuously develop mastery of their field.
• Nurture and evolve core competencies essential to advancing the value-adding process of the business.
• Know and understand emerging customer and end-user needs as the basis for creating new value.
The authors believe that superimposing the structural form of a "market segment team" will ensure that right interactions take place among functions at a level in the organization where there is a significant current knowledge of the fields of science/technology and market/customer/competitors.
Finally, while business structure change of some form and empowerment for right interactions are necessary, the achievement of increased R&D effectiveness is dependent on leadership being committed to that goal.
D. Ransley and J. Rogers, "A Consensus on Best R&D Practices," Research • Technology Management, Mar-Apr 1994, pp. 19-26. This article examines the practices reported in studies by four respected consulting companies: SRI International (a study for the French government that included 200 companies and 360 research facilities), Arthur D. Little (extensive consulting experience), Meritus Consulting (benchmarking study of 15 companies), and Pugh-Roberts (experience and an extensive literature search). The authors believe that those R&D practices that are common among these studies are further validated and should have broad applicability. Looking for agreement in three or more of the studies, the authors found seven best R&D practices:
• Technology strategies-Strong alignment of the technology strategy with the corporate business strategy.
• Program selection and management-Link technology programs with business needs, which are aimed at satisfying customer requirements.
• Core strengths -Identify, nurture, and exploit core technologies.
• Effectiveness-How well the technology meets the business objectives.
• External awareness-Technology threats and opportunities must be monitored.
• Technology transfer-Management leads in establishing communication and trust across functions.
• Personnel-Recruiting, training, and career development are integrated into the longterm R&D strategy.
E. B. Roberts, "Managing Invention and Innovation: What We've Learned, " Research • Technology Management, vol. 31, no. 1, 1988, pp. 11-29. This article discusses and summarizes the history of technological innovation and management including the complexity of effective integration of people, organizational processes, and plans. The author defines innovation as a combination of all the processes that lead to invention as well as all the stages of commercialization, application, and transfer of the invention. Some of the points he includes are • Technological innovation is a multi-stage process, and effective management of each stage requires a different strategy.
• Effective innovation requires the collaboration of "critical role-players:" the idea generator, the entrepreneur, the program manager, the gatekeepers, and the sponsor.
• Group diversity influences technical performance by increasing productivity.
• Product development success rates are highest with marketing and R&D collaborations.
• "Market pull" leads to successful innovation more often than "technology push."
• Transfer of RD&E results can be improved by the use of procedural, human, and organizational "bridges."
• Innovation strategy and technological resource allocation should differ depending on the evolutionary stage of the primary technology.
• Comparing technical performance of a product line with competitors' products is a useful method for initiating technical planning.
• External technologies need to be linked with internal capabilities.
• Top management commitment is essential for institutionalizing the development of effective product and process innovations.
N. Rosenberg, Exploring the Black Box, (Cambridge, UK: Cambridge University Press, 1994).
The principal focus of the book is the process by which information, new and old, comes to be imbedded in new technologies. By examining the particular sequence of events and institutions within particular industries, one can extract insights into the process by which technological knowledge grows. Serious analysis of technological change cannot proceed without an acceptance that technological advance is the results of a host of factors, of which guidance from science is only one.
Aspects of the research environment mentioned include • Interdisciplinary approach, with internal and external collaboration or interaction, and quality research, • Whether the work extends, exploits, or disrupts existing science or technology paths/trajectories, • Relationship of research to existing technologies, • Mechanisms to ensure that valuable findings or methodologies will rapidly be transferred to other points on the science/technology interface, • Organization by problem rather than discipline. Rewards for helping solve problems encountered in fields other than their own. Transfer of concepts, methodologies, or instrumentation from one discipline or specialty to another, and • Close interactions and information exchange between researchers and production and marketing managers.
R. Szakonyi, "Measuring R&D Effectiveness I," Research • Technology Management, Mar-Apr 1994, pp. 27-32. This article reviews the efforts that have been made over the last 30 years to measure R&D effectiveness and presents a new approach to measuring R&D effectiveness-an approach that overcomes major shortcomings of these past efforts.
The new approach focuses on what R&D managers intuitively know is important about quality of R&D and its contribution to the company's business. Ten R&D activities are measured by identifying the level at which an R&D department is operating for that activity. With this approach, R&D managers can identify which activities in which their department needs to improve and how it needs to improve. The three benefits of this framework:
• Although one must make a qualitative judgement about how effectively an R&D department operates concerning a particular activity, the evaluator need only ask if something exists or is in place.
• Because there is a logical succession underlying the rankings, and because clear distinctions are made between the rankings, this system is more credible than one in which an evaluator is asked to judge the effectiveness of an R&D department.
• The author was able to establish a benchmark system for each of the ten activities (presented in Part II of this article).
R. Szakonyi, "Measuring R&D Effectiveness II," Research • Technology Management, May-Jun 1994, pp. 44-55.
In this article the six levels that were identified and used in part I to measure operation in ten R&D activities are each scored from 1 to 5. These scores are used to derive benchmark scores so that R&D departments can measure themselves against the author's "average" for each activity and identify which activities their department needs to improve.
The author's "average" department operates at various levels depending upon the activity. It operates best when selecting R&D and planning and managing projects but worst when long-range planning and fostering collaboration between R&D and finance. R&D's role in the innovation process can be meaningfully represented by a hierarchy of managerial factors (The Technology Value Pyramid; TVP) that provide the foundations, links to strategy, and financial outcomes for the corporation. The recognition of these TVP factors, together with an assembled menu of metrics, allows the model to be used to track the contribution to innovation performance at different levels of the TVP. The TVP model can be used to track the performance both prospectively and retrospectively, to diagnose weaknesses in the R&D organization, and to plan for improvement in R&D contribution to the corporation.
The five factors of the TVP are divided into foundations, strategy, and outcome.
The foundations of the pyramid are • Practice of R&D processes to support innovation (PRD)-The efficiency and effectiveness of R&D processes in producing useful output for the firm. The processes include project management practices, idea generation, communication, and other "best practices" in managing R&D.
• Asset value of technology (AVT)-The strength and vitality of the firm's technology (e.g., proprietary assets, know-how, people, etc.) foreshadows the potential of the R&D organization to create value for the firm.
The strategy level contains • Integration with business (IWB)-The degree of integration with business, the commitment of the business to the R&D processes and programs, teamwork, and ability to exploit technology across the organization.
• Portfolio assessment (PA)-The total R&D program arrayed across various dimensions of interest, including time horizon, level of risk, core competency, exploitation, and new and old business. This allows optimization of the total program for the corporation's benefit.
The outcomes level includes • Value creation (VC), which demonstrates the value of R&D activities to the positioning, profitability, and growth of the corporation and to the creation of shareholder value. An enduring focus of management literature is on what has been described as the 'dual career path' that confronts researchers in R&D organizations as they and their employers make and provide occupational choices to follow either management or professional scientist trajectories. The 'dual career path' perspective generally assumes that curiosity and creativity are important components of being a scientist and of scientific excellence, and that curiosity-driven research cannot easily be reconciled with the economic values inherent in formalized management structures, responsibilities, and demands. As science has become increasingly organized into institutions and geared increasingly to applications and outcomes, organizations have increasingly sought to harness the knowledge potential of curiosity-driven scientists. An important research management task has therefore been to find a balance between the creative drive that produces scientific knowledge and the economic imperatives of commercial markets.
F. E. Udwadia, "Creativity and Innovation in Organizations: Two Models and Managerial Implications, " Technological Forecasting and Social Change, vol. 38, 1990, pp. 65-80 .
Based on analysis of the literature (particularly Amabile, Von Glinow and Kerr, Pelz, and Andrews) this paper highlights creativity as the most critical element for the effective management of innovation and presents two models to further our understanding of the dynamics of creativity in organizational settings and the place of creativity in the innovation process.
Udwadia develops a Multiple Perspective Model for a comprehensive understanding of creative behavior and performance in organizations. This model includes three perspectives: the individual, the technical, and the organizational, which focus respectively on the distinctively individual characteristics associated with creativity, the needed technical resources -material as well as human -for creativity, and the organizational practices and managerial actions that aid or stifle creativity. On page 74, the author states "technological organizations need to engender environments that provide a delicate balance between giving the creative mind freedom to conduct its work while maintaining external constraints like goal setting and time-tables which are essential for the conduct of profitable business."
Individual characteristics that affect creativity:
• Cognitive abilities, including intelligence, knowledge, and thinking style.
• Personality disposition including perseverance, high energy, hard work, curiosity, sense of self as creative, autonomy, independence of judgement, risk-taking orientation, and intrinsic motivation.
Technical resources necessary for creative performance:
• Climate marked by cooperation and collaboration.
• A great deal of interaction and interdependence with colleagues, local and at large (Zuckerman study of 286 Nobel laureates found that nearly two-thirds were honored for work they did collaboratively).
• Colleagues are needed, as well as a task group and supporting staff with their own technical skills.
• Physical resources including technical equipment, facilities, and supplies.
• Information resources such as databases and library collections.
• Communication resources such as electronic mail, audio and video conferencing, computer conferencing, and document search and retrieval systems.
• Funding (NSF report noted that U.S. investment in R&D has been credited with making the U.S. a world leader in S&T).
Organizational factors that determine creativity:
• Keeping external constraints to a minimum.
• The scientist has primary responsibility to decide the problem to be attacked and the way of attacking it.
• A generally open environment where ideas can be discussed without fear of negative consequences such as pressure to alter one's course.
• Openness to shifts.
• Encouragement of new ideas and risk taking and suitable recognition and rewards system.
• Challenge serves as a stimulant as does occasional pressure.
• Availability of sufficient time-time to think creatively about the problem and explore different approaches.
• Good project management.
To manage creativity management must • Be informed in and able to communicate about the technical aspects, • Have a high levels of interpersonal skills, • Constrain scientists to focus their energies on realistic and relevant goals, • Have a flexible management attitude where change is seen as necessary, though anxiety-producing (e.g., companion of progress), This article outlines and explains the components and validity of an innovation questionnaire developed and used by the Minnesota Innovation Research Program (MIRP). This questionnaire is one of several measurement tools that MIRP uses to track the development, over time, of a wide variety of innovations. The core framework of the MIRP centers on five basic concepts: ideas, people, transactions, context, and outcomes. The research examines the innovation process by tracking development and implementation of new ideas that are carried by people who over time engage in transactions or relationships with others in a changing institutional context.
In the overall MIRP framework, the outcome or perceived innovation effectiveness is hypothesized to be a function of internal dimensions, external dimensions, and situational/contingency factors.
The internal dimensions include
• Uncertainty and difficulty of the innovation idea,
• Competence and influence of the people involved in the innovation, • Internal transactions (i.e., standard procedures, communication, and conflict resolution), and • Organizational context (i.e., organizational climate, rewards, and resource scarcity).
The external dimensions include both external transactions and environmental uncertainty.
• External transactions between research groups and outside influences include
• The extent to which a group believes they are dependent on another group for resources, • The extent to which the terms of the relationship have been verbalized and written out, • The extent to which each group believes the relationship is equal, worthwhile, and satisfying, and • The degree to which each group perceives that they have changed or affected each other.
• Environmental uncertainty pertains to the stability of the technological, economic, demographic, and legal or regulatory environments in which the organization exists.
Situational or contingency factors are inherent to the innovation idea and include the novelty of the innovation, the innovation's scope and size, and the stage of development of the innovation.
